Scintigraphy imaging is based on the uptake of radiopharmaceuticals by a tissue or organ. Hepatosplenic scintigraphy involves the uptake of labelled colloid by the mononuclear phagocyte system. The radiocolloid distribution in the body, where 80-90% is taken up by the liver, 5-10% by the spleen and 5% by the bone marrow, has the disadvantage of obscuring the rim of the spleen in patients with liver hypertrophy. However, the spleen takes up proportionally more particles if they are larger. While only 10-15% of 99m Tc-sulfur colloid particles of 0.4 µ diameter are taken up by the spleen, about 90% of denatured red blood cells (RBCs), approximately 7 µm in diameter, are trapped in the splenic tissue. Because of this, labelled denatured RBCs are used for selective spleen imaging. RBCs present many disadvantages that preclude their use in clinical practice, as the steps involved in efficient labelling and denaturation of RBCs are labor-intensive, time-consuming, and not widely available. Therefore, an alternative method to denatured RBCs is highly desirable. Microbubbles, ultrasound-enhanced agents, are promising candidates for use as an alternative to damaged RBCs. Labelling of microbubbles is potentially simpler, safer, and less expensive. Furthermore, denatured RBCs and ultrasound contrast agents share certain characteristics, such as their size, shape, membrane composition and pharmacokinetics. Based on these similarities, the latter should be tested as an alternative carrier in scintillation scanning. Aside from the potential application of labelled microbubbles as a carrier alternative to denatured RBCs, they could also be used instead of natural RBCs for applications including the investigation of gastrointestinal bleeding, cardiovascular imaging studies, and to localize hemangiomas. Finally, they could be used in renal transplant recipients as a marker of rejection and as an adjunct to the diagnosis in certain diseases in which the immune response includes phagocytic cells.
Introduction
Scintigraphy is an imaging method which integrates the benefits of visualizing anatomical landmarks with functional findings, based on the uptake of radiopharmaceuticals by a tissue or organ. Once the organ or tissue has fixed the radiopharmaceutical, it emits gamma rays from the body which can be detected by a gamma camera, from which an image is created by means of a computer. 1 Conventional hepatosplenic scintigraphy is performed following the injection of a labelled colloid that is phagocytosed by mononuclear phagocytic cells. Based on the size range of the radiocolloid particles, the distribution pattern usually mirrors the population of macrophages within the tissue, which is the case for liver, spleen and bone marrow scanning. 2 During the performance of a scan with labelled colloid materials, the radiopharmaceutical localization follows a well-known organ distribution pattern in the body, with 80-90% being taken up by the liver, 5-10% by the spleen, and 5% by the bone marrow. 3 The relatively higher liver uptake presents a disadvantage, in that it obscures the rim of the spleen in patients with hypertrophy of the left lobe of the liver. 4 However, it is well established that the ratio of radiocolloid taken up by the liver, spleen and bone marrow is correlated with the size of the particle. Accordingly, the spleen takes up proportionally more particles if they are larger, and the opposite occurs in the bone marrow, where uptake is higher if particles are smaller. 5 Only 10-15% of technetium-99m ( 99m Tc)-sulfur colloid particles of 0.4 µm in diameter are taken up by the spleen, while about 90% of denatured red blood cells (RBCs), approximately 7 µm in diameter, are trapped in the splenic tissue. 6 As a result, labelled, denatured RBCs are used for selective spleen scanning. 7, 8 Selective studies have been advocated as further investigations for the following reasons: "equivocal splenic defect on sulfur colloid scan", "poor visualization of the spleen", "detection of residual tissue postsplenectomy", "suspected abnor-malities of number and position", 8 "evaluation of accessory spleen/ splenosis", 9-11 and "for assessment of spleen function". 12 Spleen scintigraphy using 99m Tc-heat denatured RBCs was also useful to distinguish between neuroendocrine tumors and spleen tissue. 13 Although the use of radiolabeled, denatured RBCs has been demonstrated to be a good method for visualizing the spleen, it presents many disadvantages that preclude its use in clinical practice. RBCs have to be drawn from the patient, labelled and denatured, and then the final preparation must be reinjected into the patient. 14 The steps involved in achieving efficient labelling and denaturation of RBCs are labor intensive, time-consuming, and not widely available. The need for 6-8 mL of whole blood to perform the method is an additional problem, especially when dealing with infants. 15 Therefore, an alternative method to the use of denatured RBCs that could overcome the aforementioned disadvantages is highly desirable.
Solid lipid nanoparticle, as an alternative to replace radiopharmaceutical used for liver-spleen imaging today, has showed a preferential uptake by the lungs. 16 Microbubbles, ultrasound-enhanced agents, are potential candidates for use as an alternative to damaged RBCs in the field of scintigraphy. Denatured RBCs and ultrasound contrast agents share some characteristics. First, the diameter of denatured RBCs is around 7 µm, 6 while the diameter of microbubbles range from 2 to 6 µm. 17 The size of the particle is crucial for selective uptake by the spleen. Second, similar to the membrane of RBCs, 18 the shell of most ultrasound contrast agents is composed of phospholipids (Table 1) , which made them well suited for radiolabeling in the same manner as RBCs. Third, microbubbles and denatured RBCs are quite similar to each other in shape, as they are both spherical. This spherical shape plays an important role in its recognition by the spleen as a particle to be phagocytosed. Finally, both share the ability to distribute almost exclusively within the intravascular compartment of the body. 19, 20 Contrast-enhanced ultrasound of the spleen is able to show focal lesions in inhomogeneous splenic parenchyma on conventional ultrasound, to characterize accessory spleen or splenosis. 21 The use of microbubbles composed of polyvinyl alcohol (not used in clinical diagnostic ultrasound) as biovector to radionuclides has already been reported. Indeed, in a study of single-photon emission tomography (commonly known as SPECT), 99m Tclabeled multimodal microbubbles were found to be able to attach to inflamed areas, 22 whereas in a multimodal imaging study using SPECT, computed tomography and magnetic resonance, the usefulness of a 99m Tc-labeled microbubble functionalized with diethylenetriaminepentaacetic acid, thiolated poly(methacrylic acid), chitosan, 1,4,7-triacyclononane-1,4,7-triacetic acid, 1,4,7-triacyclononane-1,4,7-triacetic acid-super paramagnetic iron oxide nanoparticles (SPION), or diethylenetriaminepentaacetic acid-1,4,7-triacyclononane-1,4,7-triacetic acid-super paramagnetic iron oxide nanoparticles enabled fusion of functional and anatomical information. 23 
Hypotheses
Based on the similarities in size, shape, membrane composition and pharmacokinetics between RBCs and microbubbles, we hypothesized that the latter would represent a good alternative carrier for use in scintillation scanning.
Labelling of microbubbles
99m Tc, the radioisotope most frequently used in nuclear medicine and the same used to label RBCs, should be used for labelling microbubbles. After reconstitution of the lyophilized microbubbles with saline provided by the manufacturer, stannous chloride and 99m Tc should be added directly into the same vial. 24 
Advantage of microbubbles as a radiolabelled agent
Compared to RBCs, the procedure for labelling microbubbles is simpler. At least two steps are excluded, as it is not necessary to take blood from the patient or conduct maneuvers to denature the RBCs. It is worth highlighting that these steps carry significant risk of contamination to both the operator handling the blood and the patient who will receive it. With regard to cost reduction, the use of microbubbles also presents an important advantage. The steps taken to isolate and radiolabeled RBCs require a high degree of sophistication to maintain sterility, including specialized facility design and equipment, 25 which increases the final cost of the procedure.
Future directions
Aside from the use of labelled microbubbles as a carrier alternative to denatured RBCs, it is also theoretically possible that they could be used instead of natural RBCs in the investigation of gastrointestinal bleeding, 26 for cardiovascular imaging studies, 27 and to localize hemangiomas. 28 
Prospective and prediction
Kidney uptake of 99m Tc-colloid as a marker of both acute and chronic rejection in renal transplant patients, 29-32 in contrast to an absence of uptake in normal functioning grafts, 33 has been reported previously; however, according to a review in PubMed, the most recent study on this subject was published in 2005. 34 One limitation of such studies is that the liver takes up around 90% of the injected radiocolloid. Therefore, assuming that the distribution of Araújo NC. Sonographic contrast agents in scintigraphy Explor Res Hypothesis Med small colloid particles in the liver and spleen remains unchanged in renal transplant recipients, this would restrict the amount of radiocolloid available to attach to the kidney. On the other hand, it is reasonable to speculate that by using larger carriers, like labelled microbubbles, more particles would bypass the liver and remain available in the circulation, where they can be taken up by the kidney graft. It is possible to speculate further that the proposed method could also be applied to different diseases to increase the diagnostic accuracy concerning the immunopathological mechanisms involved, particularly for diseases in which cells engaged in phagocytosis are involved, such as rheumatoid arthritis and systemic lupus erythematosus. 35, 36 It is reasonable to assume that the use of microbubbles as a radiotracer carrier is not only simpler and more convenient than denatured labelled RBCs but could also be implemented at a lower cost. If our hypothesis can be tested and conclusively proven, I am confident that the proposed method would expand the usefulness of scintigraphy as a diagnostic method.
